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ceptibility genes (e.g. ALDH1A2, DIO2, GDF5, ﬁgure 1), as well as a
substantial number of novel AI events in cartilage expressed genes (e.g.
PTGES3P1, CHST6, ITGA10, CD55, ﬁgure 1). Next, to gain disease relevant
insight in the direction of the observed AI, we addressed differential
gene expression between preserved and paired lesioned cartilage.
Among the 11955 aligned Ensembl identiﬁers that passed quality con-
trol, 549 and 158 were respectively signiﬁcantly (FDR<0.05) down
(mean FC<0.667) and up (mean FC>1.5) regulated in lesioned compared
to paired preserved cartilage. Among the total 707 genes that were
differentially expressed, 31 were subject to AI marked by 71 SNPs. As
proof of principle, we here present AI of the COMP gene, detected,
among others, in heterozygous carriers of rs4808155 (ﬁgure 1) which is
in full linkage disequilibrium (D’¼1) with rs8104411, a previously
reported OA susceptibility SNP (Ramos et al. 2014). Furthermore, COMP
was signiﬁcantly up regulated in lesioned cartilage (FDR<0.005,
FC>1.5).
Conclusions: By conﬁrming earlier reports and identifying new genes
likely involved in OA disease progression, we here demonstrate the
power of next generation RNA sequencing. In this respect, the 71
observed genetic variants that confer AI in the 31 genes that addition-
ally mark the OA disease process by differential gene expression, are
likely to be causally or protectively involved in the complex OA path-
ophysiology of articular cartilage, as they stress or attenuate the
observed differential expression of the respective genes. Although these
genetic variants do bear transcriptomic functionality in disease relevant
tissue, additional functional approaches in cell or animal models are
necessary to further characterize such causal relationships.
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Purpose: Osteoarthritis (OA) is a complex disease of the joint, charac-
terized by progressive degradation of the cartilage matrix by aggreca-
nases and collagenases. In normal adult cartilage, chondrocytes present,
in the non-stressed steady state, as quiescent cells demonstrating
negligible turnover of the cartilage matrix. In contrast, in OA, the
chondrocytes become “activated”, characterized by cell proliferation,
cluster formation, and the increased production of matrix proteins and
matrix-degrading enzymes. Nitric oxide, the product of inducible nitric
oxide synthase (iNOS), not only suppresses the synthesis of cartilage
matrix, but also increases expression of proteases in OA and we have
recently described that demethylation of the NF-kB enhancer region at
5.8 kb of the iNOS gene leads to increased transcription through
elevated binding of this transcription factor. The current study has
examined the methylation proﬁle of the NF-kB enhancer region at 5.8
kb of iNOS and the subsequent role in the induction of OA via cell cycle
regulation.
Methods: Human articular cartilage samples were obtained from 12
patients following hemiarthroplasty as a consequence of femoral neck
fracture (NOF) and from 16 OA patients who underwent total hip
arthroplasty. Isolated primary human chondrocyte samples (n ¼ 7)were cultured for 5 weeks in 2 groups: (i) cultured without treatment
(control culture) and (ii) cultured using 2 mM 5-azadeoxycytidine (5-
aza-dC). Percentage methylation was determined by pyrosequencing,
gene expression by qPCR and cell proliferation was determined using
the MTT assay. Transient transfections using the chondrocytic cell line
C28/I2 were induced to determine the effect of the NF-kB enhancer
region on cell proliferation and the inﬂuence of DNA methylation. Cell
cycle distribution was analysed by ﬂuorescence-activated sorting
(FACS).
Results: Analysis of several NF-kB enhancer elements localised
upstream of the 5.8 kb of the iNOS gene showed that this element is
crucial for induction of the human iNOS promoter in articular chon-
drocytes. In vitro de-methylation with 5-aza-dC showed decreased
levels of DNA methylation at CpG sites localised at 5.8 kb in articular
chondrocytes, which correlated with higher levels of iNOS expression.
In vitro methylation of the NF-kB enhancer region at 5.8 kb increased
the percentage of cells at G0/G1 cell cycle phase. Loss of methylation
within this region correlated with, enhanced proliferation and
increased number of cells at G2/M phase. OA chondrocytes demon-
strated upregulation of the G0/G1 cell cycle progression markers Cyclin
D1 and CDK6 in contrast to control cells.
Conclusions: We demonstrate the loss of methylation that occurs at
speciﬁc CpG sites localised at the 5.8 kb NF-kB enhancer region of the
iNOS gene in OA chondrocytes permits the binding of this transcription
factor activating the expression iNOS. This results in subsequent altered
cell cycle regulation of OA chondrocytes and altered proliferative phe-
notype and transmission of the pathogenic phenotype to daughter cells.
This study indicates that inhibition of cell cycle progression by iNOS
enhancer hypermethylation is capable of reducing pro-inﬂammatory
responses via down-regulation of NF-kB with important therapeutic
implications in OA.
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Purpose: Involvement of inﬂammation in the development and pro-
gression of OA has been implicated. Interleukin 8 (IL-8) is an inﬂam-
matory chemokine, involved in the inﬂammatory process and the
pathophysiology of OA. Importantly, within IL8, the 1000-bp of the
proximal promoter region contains only three CpG sites all located close
to transcriptional binding sites for NF-kB, AP-1 and C/EBP. However, the
methylation status of these CpG sites and subsequent involvement in
the regulation of IL8 regulation remains, to date, unknown. The current
study has examined whether the increased expression of IL8 in human
OA is a consequence of epigenetic regulation, speciﬁcally DNA
hypomethylation.
Methods: Human articular cartilage samples were obtained from 15
patients following hemiarthroplasty as a consequence of femoral neck
fracture (NOF) and from 15 OA patients who underwent total hip
arthroplasty. IL8 expression levels and the percentage CpG methylation
were quantiﬁed by qRT-PCR and pyrosequencing to compare OA
patients with non-OA controls. Isolated primary human chondrocyte
samples (n ¼ 7) were cultured for 5 weeks in 2 groups: (i) cultured
without treatment (control culture) and (ii) cultured using 2 mM 5-
azadeoxycytidine (5-aza-dC). The effect of CpG methylation on IL8
promoter activity was determined using a CpG-free vector; co-trans-
fections with expression vectors encoding NF-kB, AP-1 and C/EBP were
subsequently undertaken to analyse for IL8 promoter activity in
response to changes in methylation status. Furthermore, to determine
the CpG sites critical for IL8 promoter activity, we compared IL8 wild
type promoter construct activity against 6 vectors containing mutations
at different CpG sites.
Results: IL8 expression in OA patients was 37-fold higher than in NOF
patients. OA chondrocytes displayed a 22%, 26% and 15% statistically
signiﬁcant (P<0.01) reduction in methylation status at the -116, -106
and -31 CpG sites respectively. Multiple regression analysis revealed
that the degree of methylation of the CpG site located at 116-bp was
the strongest predictor of IL8 expression. In addition, advanced age and
OA were associated with higher IL8 expression. IL8 expression by
chondrocytes cultured using 5-aza-dC was observed to be 4.0-fold
higher than in control culture chondrocytes. Signiﬁcantly, the
